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(57) ABSTRACT 

A cathode ray tube capable of reducing the doming amount 
and Suppressing the occurrence of moire Stripes at the same 
time with improved effects to Suppress the occurrence of 
moire Stripes even more is provided. The protruding portions 
28a, 28b are protruding from the ends of the horizontal 
direction of the aperture to the inside of the aperture 27. With 
regard to the horizontal croSS Sections of the protruding 
portions 28a, 28b, the portions facing each other left and 
right via the aperture are formed to be asymmetrical to the 
center line 29 in order to reduce or block the incident 
electron beam. By forming the protruding portions 28a, 28b, 
the doming amount can be reduced and the occurrence of 
moire Stripes can be Suppressed at the same time. 
Furthermore, by forming the portions facing each other left 
and right of the protruding portions asymmetrically, the 
effects to Suppress the occurrence of moire Stripes can be 
improved even more. 

9 Claims, 8 Drawing Sheets 
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CATHODE RAY TUBE 

FIELD OF THE INVENTION 

The present invention relates to a cathode ray tube having 
a shadow mask, which is used for a television receiver, a 
computer display, and the like. 

BACKGROUND OF THE INVENTION 

FIG. 6 is a croSS-Sectional view showing one example of 
a conventional color cathode ray tube. The color cathode ray 
tube 1 shown in FIG. 6 includes a substantially rectangular 
shaped face panel 2 having a phosphor Screen on its inner 
face, a funnel 3 connected to the rear Side of the face panel 
2, an electron gun 4 contained in a neck portion 3a of the 
funnel 3, a shadow mask 6 facing a phosphor Screen 2a 
inside the face panel 2, and a mask frame 7 for fixing the 
Shadow mask 6. Furthermore, in order to deflect and Scan 
electron beams, a deflection yoke 5 is provided on the outer 
periphery of the funnel 3. 

The Shadow mask 6 plays a role of Selecting colors with 
respect to three electron beams emitted from the electron 
gun 4. “A” shows a track of the electron beams. The shadow 
mask 6 has a flat plate provided with a number of Substan 
tially slot-shaped apertures formed by etching. The slot 
shaped aperture is a through aperture through which electron 
beams pass. 

In a color cathode ray tube, due to the thermal expansion 
caused by the impact of the emitted electron beams, the 
electron beam through aperture is shifted. Consequently, a 
doming phenomenon occurs. That is, the electron beams 
passing through the electron beam through apertures fail to 
hit a predetermined phosphor correctly, thus causing 
unevenneSS in colors. Therefore, a tension force to absorb 
the thermal expansion due to the temperature increase of the 
Shadow mask is applied in advance, and then the Shadow 
mask is stretched and held to the mask frame. When the 
Shadow mask is stretched and held as mentioned above, even 
if the temperature of the shadow mask is raised, it is possible 
to reduce the amount of displacement between an aperture of 
the shadow mask and phosphor Stripes of the phosphor 
SCCC. 

FIG. 7 is a plan view showing an example of a shadow 
mask to which a tension force is applied mainly in the 
vertical direction of the Screen. In FIG. 7, the direction 
indicated by arrow X is the horizontal direction of the Screen, 
and the direction indicated by arrow y is the vertical direc 
tion of the Screen. Apertures 8 are formed at constant 
pitches. Reference numeral 9 is referred to as a bridge, 
which is a portion between respective apertures 8. The 
bridge width has an effect on the mechanical Strength of the 
Shadow mask. More specifically, the bridge with a narrow 
width has a weak tension force particularly in the horizontal 
direction. If the bridge width is increased in order to improve 
the mechanical Strength, the open area of the aperture is 
reduced, thus deteriorating the luminance intensity. 
As mentioned above, the bridge width is related to the 

mechanical Strength and the luminance intensity of the 
Shadow mask, whereas the vertical pitch of the bridge is 
related to the doming amount of the Shadow mask. The 
Shadow mask is stretched mainly in the Vertical direction. 
Therefore, the thermal expansion in the vertical direction is 
absorbed by the tension force, while the thermal expansion 
in the horizontal direction is transmitted in the horizontal 
direction through the bridges. 

FIG. 8 is a graph showing an example of the relationship 
between the Vertical pitch of the bridge and the doming 
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2 
amount (an example of a cathode ray tube for a 25-inch 
television is shown). FIG. 8 shows that the doming amount 
can be reduced by increasing the Vertical pitch of the bridge. 

However, the conventional color cathode ray tube suffers 
from the following problem. The doming amount can be 
reduced by increasing the Vertical pitch of the bridge. In this 
case, however, moire Stripes easily occur, thus causing the 
deterioration of the image quality. The moire Stripe means a 
mutual interference Stripe between Scanning lines 
(luminescent lines) of the electron beams arranged at con 
Stant intervals and the regular pattern of the electron beam 
through apertures of the Shadow mask. 

Furthermore, when the vertical pitch of the bridge is 
increased, the bridges themselves may appear as dots on the 
Screen, or may be recognized as a pattern in which the 
bridges are piled up (a brick-like pattern). 
On the contrary, when the vertical pitch of the bridge is 

reduced, moire Stripes are Suppressed Sufficiently and the 
bridges themselves are not noticeable. However, due to the 
increase of the Shielding area of the Scanning lines, the 
luminance property deteriorates, and at the same time, the 
doming amount is increased. Namely, it was difficult to 
SuppreSS the doming amount and the occurrence of moire 
Stripes at the same time. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to solve the 
conventional problems described above by providing a 
cathode ray tube including a shadow mask of a tension 
System in which protruding portions are formed in apertures 
to reduce the doming amount and to SuppreSS the occurrence 
of moire Stripes at the same time. 
To achieve the above object, a first cathode ray tube of the 

present invention includes a Shadow mask made of a flat 
plate provided with a number of apertures and bridges 
between the neighboring apertures arranged in the Vertical 
direction, wherein protruding portions protruding from the 
both ends of the horizontal direction of the aperture to the 
inside of the aperture are formed in the Shadow mask, and 
a tip of the protruding portion is wider than a base of the 
protruding portion. According to the cathode ray tube 
described above, by forming the protruding portions, the 
Vertical pitch of the bridge is maintained at a large value, 
while the occurrence of moire Stripes can be Suppressed in 
the same manner as the Vertical pitch of the bridge is 
reduced. Furthermore, the tips of the pair of the protruding 
portions facing each other are formed Separately, So that the 
thermal expansion in the horizontal direction is not trans 
mitted between the protruding portions, and the doming can 
be prevented. In other words, it is possible to reduce the 
doming amount and also to SuppreSS the occurrence of moire 
Stripes at the same time. In addition, Since the tip of the 
protruding portion is wider than the base, it is possible to 
SuppreSS the deterioration of luminance while Securing the 
Shielding effect against the electron beams. 

In the first cathode ray tube, it is preferable that the width 
of the protruding portion gradually increases from the base 
to the tip. 

Furthermore, it is preferable that the tip of the protruding 
portion is extending more in the vertical direction than the 
base. 

Next, a Second cathode ray tube of the present invention 
includes a shadow mask made of a flat plate provided with 
a number of apertures and bridges between the neighboring 
apertures arranged in the vertical direction, and an electron 
beam passes through the apertures, wherein protruding por 
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tions protruding from the both ends of the horizontal direc 
tion of the aperture to the inside of the aperture are formed 
in the Shadow mask, and a horizontal diameter of the 
electron beam passing through the aperture is Smaller than a 
shortest distance in the horizontal direction between the 
portions facing each other via the aperture in the area where 
the protruding portions are formed at least in the vicinity of 
both edges of the Shadow mask in the horizontal direction. 
According to the cathode ray tube described above, by 
forming the protruding portions, it is possible to reduce the 
doming amount and also to SuppreSS the occurrence of moire 
Stripes at the same time. Moreover, the cathode ray tube of 
the present invention also has improved effects to SuppreSS 
the occurrence of moire Stripes. 

In the second cathode ray tube, it is preferable that the 
portions facing each other via the aperture in the area where 
the protruding portions are formed have horizontal croSS 
Sections asymmetrical to the center line of the aperture that 
is perpendicular to the Surface of the Shadow mask. Accord 
ing to the aforementioned cathode ray tube, the protruding 
portions are formed asymmetrically, So that the effects to 
SuppreSS the occurrence of moire Stripes can be improved 
CWC OC. 

Furthermore, it is preferable that the protruding portions 
are protruding from the both ends of the horizontal direction 
of the aperture to the inside of the aperture, and that tips of 
the protruding portions are facing each other. 

Furthermore, it is preferable that one of the portions of the 
protruding portions facing each other via the aperture is an 
external wall portion positioned on the Outer Side of the 
Shadow mask having a back inclining portion in the hori 
Zontal croSS Section inclining from a tip portion toward the 
outer Side of the Shadow mask as it approaches the back Side 
of the Shadow mask, and that the tip portion is positioned 
closer to the front side of the shadow mask than the center 
of the Shadow mask in the thickness direction. 

According to the aforementioned cathode ray tube, the 
position of the tip portion is shifted closer to the front side 
of the Shadow mask, So that the effects to SuppreSS the 
occurrence of moire Stripes can be improved even more. 

Furthermore, it is preferable that one the portions of the 
protruding portions facing each other via the aperture is an 
internal wall portion positioned on the inner Side of the 
Shadow mask having a front inclining portion in the hori 
Zontal croSS Section inclining from a tip portion toward the 
inner Side of the shadow mask as it approaches the front Side 
of the Shadow mask, and that the tip portion of the external 
wall portion is positioned closer to the front side of the 
Shadow mask than the tip portion of the internal wall 
portion. 

Furthermore, it is preferable that the following inequality 
is satisfied, where an incident angle () of an electron beam 
is C. (Cd 0) in reference to the line vertical to the surface of 
the Shadow mask; a shortest distance (mm) in the horizontal 
direction between the portions facing each other via the 
aperture of the protruding portions is SB; a displacement 
(mm) between the tip portion of the external wall portion 
and the tip portion of the internal wall portion in the 
thickness direction of the shadow mask is AZ; and {1-(a 
horizontal diameter (mm) of the electron beam passing 
through the aperture)/(the shortest distance (mm) in the 
horizontal direction between the portions facing each other 
via the aperture)}x100 is a shielding rate B (%): 

sin{90°-c-(tan "AZISB)}x(SB’+AZ)'s(1-B100)xSB. 
BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view showing a color-Selecting 
electrode of one embodiment of the present invention. 
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4 
FIGS. 2A-C are plan views showing a shadow mask of 

Example 1 of the present invention. 
FIGS. 3A-C are plan views showing another shadow 

mask of Example 1 of the present invention. 
FIG. 4A is a plan view showing a shadow mask for 

explanation of Example 2 of the present invention. 
FIG. 4B is a cross-sectional view taken on line I-I of 

FIG. 4A. 
FIG. 4C is a cross-sectional view taken on line II-II of 

FIG. 4A. 

FIG. 5A is a plan view showing a shadow mask of 
Example 2 of the present invention. 

FIG. 5B is a cross-sectional view taken on line III-III of 
FIG. 5A 
FIG.5C is a cross-sectional view taken online IV-IV of 

FIG. 5A 

FIG. 5D is a drawing showing the state in which an 
electron beam entered in the vertical direction in FIG. 5C. 

FIG. 6 is a cross-sectional view showing an example of a 
conventional color cathode ray tube. 

FIG. 7 is a plan view showing an example of a conven 
tional Shadow mask. 

FIG. 8 is a graph showing an example of the relationship 
between the Vertical pitch of the bridge and the doming 
amount. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Hereinafter, the present invention will be described by 
way of an embodiment with reference to drawings. Since 
each constitution of the color cathode ray tube described 
with reference to FIG. 6 is the same as that in this 
embodiment, the explanations thereof are not repeated 
herein. 

EXAMPLE 1. 

FIG. 1 is a perspective view showing a color-Selecting 
electrode of one embodiment according to the present inven 
tion. A mask frame 10 is a rectangular frame and is made of 
a pair of long frame Supports 11, facing each other, fixed to 
a pair of short frames made of elastic members 12. On the 
Shadow mask 13, apertures 14, through which electron 
beams pass, are formed by etching. The aperture 14 is 
provided with protruding portions to be explained later in 
detail, which are not shown in this drawing. In this drawing, 
a tension method is employed, and the Shadow mask 13 is 
stretched and held between the supports 11 with a tension 
force applied mainly in the direction illustrated by arrow Y. 

FIG. 2A is a plan view showing one embodiment of a 
shadow mask. FIG.2B is an enlarged view of one portion in 
FIG. 2A. FIG. 2C is an enlarged view of a protruding portion 
22. In the drawing, the vertical (longitudinal) direction is the 
Vertical direction of the Screen and the horizontal 
(transverse) direction is the horizontal direction of the 
Screen. Apertures 20 neighboring in the vertical direction are 
linked by a bridge 21. In the aperture 20, a plurality of a pair 
of the protruding portions 22 are formed. These pairs of the 
protruding portions 22 are protruding from the both ends of 
the horizontal direction of the aperture 20. The protruding 
portions 22 are arranged facing each other at their tips. Since 
the tips of the protruding portions 22 are formed Separately, 
the aperture 20 is narrowed in the area where these pairs of 
the protruding portions 22 are formed. 

Here, as is clear from the graph showing the relationship 
between the Vertical pitch of the bridge and the doming 
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amount in FIG. 8, if the vertical pitch of the bridge is 
increased, the doming can be Suppressed to a low amount. 
Furthermore, if the Vertical pitch of the bridge is increased, 
the open area of the aperture also is increased, thus improv 
ing the luminance property. However, if the Vertical pitch of 
the bridge is increased in this way, this causes the occurrence 
of moire Stripes, So that the vertical pitch of the bridge needs 
to be reduced in order to SuppreSS the occurrence of moire 
Stripes. 

Furthermore, for example, if the area of the bridge is 
reduced to Suppress the deterioration of the luminance 
property, the mechanical Strength becomes insufficient. Par 
ticularly due to the StreSS in the transverse direction accom 
panied by the StreSS in the Vertical direction, the bridge 
breaks, which causes wrinkles in the Shadow mask. 

This problem is solved by the pair of protruding portions 
22 in the present embodiment. As shown in FIGS. 2B and 
2C, the distance between the upper and lower Sides 22a, 22b 
of the vertical direction of the protruding portion 22 is 
increased gradually as it approaches from the base 22c to the 
tip 22d. The Shielding effect against the electron beam can 
be obtained also in the case in which the protruding portion 
is formed into a rectangular shape as shown by dotted lines 
24. However, by forming the protruding portion Such that 
the width thereof gradually increases as mentioned above, 
the area for Shielding the electron beam is increased con 
siderably in the vicinity of a space portion 23 between the 
both tips of the protruding portions facing each other if 
compared with the case of forming a rectangular protruding 
portion. 

Furthermore, in order to shield the electron beam even 
more, the width of the protruding portion simply can be 
increased totally. However, according to this embodiment, 
the width of the protruding portion is not increased totally, 
but instead, the tip is formed to be wider than the base. Due 
to this configuration, even if the electron beam is not 
Shielded in the Space portion, the electron beam can be 
shielded largely in the vicinity thereof. Thus, the shielding 
effect against the electron beam by the protruding portion 
can be obtained Surely, and furthermore, while the Shielding 
effect is Secured in this way, the deterioration of luminance 
can be Suppressed as much as possible. 

FIG. 3A shows another embodiment of a shadow mask. 
FIG. 3B is an enlarged view of one portion in FIG. 3A, and 
FIG. 3C shows an enlarged view of a protruding portion. AS 
illustrated in FIGS. 3B and 3C, a protruding portion 25 is 
provided with an extending portion 25c on the Side of a tip 
25b, which is extending more in the vertical direction than 
a base 25a. 
As the protruding portion 22 shown in FIG. 2, the 

protruding portion 25 shown in FIG. 3 also is formed such 
that the width of the protruding portion is not increased 
totally, but instead, the tip 25b is formed to be wider than the 
base 25a. In other words, while the deterioration of lumi 
nance is Suppressed as much as possible, the area for 
Shielding the electron beam is increased in the vicinity of the 
Space portion 23, So that the Shielding effect against the 
electron beam can be obtained Surely, and the occurrence of 
moire Stripes also can be Suppressed. 

By forming the protruding portions in the aperture as 
shown in FIGS. 2 and 3, while the vertical pitch of the bridge 
can be maintained at a large value, the occurrence of moire 
Stripes can be Suppressed in the Same manner as the vertical 
pitch of the bridge is reduced and the number of the bridge 
is increased. 

Furthermore, with regard to the protruding portions 22 
and 25 in the embodiment as described above, the tips of the 
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6 
pair of the protruding portions facing each other are formed 
Separately. Therefore, the thermal expansion in the horizon 
tal direction is not transmitted between the protruding 
portions, and the doming can be prevented. In other words, 
according to this embodiment, it is possible to reduce the 
doming amount of the Shadow mask to which a tension force 
is applied mainly in the Vertical direction and also to 
SuppreSS the occurrence of moire Stripes at the same time. 

Also to Suppress the occurrence of moire Stripes, the 
positions of the bridge and the protruding portion preferably 
are shifted in the Vertical direction between aperture lines 
neighboring in the horizontal direction. Due to this 
displacement, a mutual intervention between Scanning lines 
and aperture patterns can be Suppressed, So that it is more 
effective in Suppressing the occurrence of moire Stripes. 
When an amount of displacement d between the neighboring 
bridges (FIGS. 2, 3) is reduced, the distance between the 
neighboring bridges on the same horizontal line is increased, 
So that it is effective in Suppressing the occurrence of moire 
stripes in the horizontal direction. However, when this 
displacement is reduced too much, moire Stripes in the 
oblique direction become noticeable. Therefore, the amount 
of displacement d preferably is in the range between '72 and 
/s of the vertical pitch p (the vertical pitch of the bridge 21) 
of the aperture 20. 

Furthermore, a vertical pitch e of the protruding portions 
22, 25 preferably is 1 mm or less, and the vertical pitch p of 
the aperture 20 preferably is in the range between 1.5 and 30 
mm. The reason is as follows. 

In the cathode ray tube that is not provided with protrud 
ing portions inside the aperture, the following relationship is 
Satisfied, where a moire wavelength is ), a vertical pitch of 
the bridge is a; an interval between Scanning lines is S; and 
an order of moire mode is n: 

In the case of a plural broadcast System, in order to 
SuppreSS moire Stripes in the respective broadcast Systems 
with the use of a single Shadow mask Structure, the com 
promise value of s/a is 9/8 for NTSC and 11/8 for PAL. 
Thus, if the vertical pitcha of the bridge is 1 mm or less, also 
for the plural broadcast System, it is possible to find a 
Solution for Suppressing the occurrence of moire Stripes with 
one shadow mask Structure. 

In other words, when the vertical pitch a of the bridge is 
replaced with the Vertical pitch e of the protruding portions 
22, 25 of the present invention, then it is preferable that the 
Vertical pitch e is 1 mm or less to SuppreSS the occurrence of 
moire Stripes. 

Furthermore, when the vertical pitch p of the aperture 20 
is within the above range, the doming amount can be 
reduced more than about 90 tim, as shown in FIG. 8. 
Moreover, while the luminance property and the mechanical 
Strength are maintained constantly, the oscillation of the 
Shadow mask can be controlled within the practical range. 

In other words, when the vertical pitch p is reduced too 
much, the doming amount is increased greatly, and the 
luminance property also cannot be maintained. On the 
contrary, when the vertical pitch is increased too much, the 
doming amount is reduced, and the oscillation also increases 
due to the lack of Sufficient mechanical Strength. If it is 
within the above range, the oscillation can be Suppressed to 
about the degree of a conventional press mask by press 
molding. 

Furthermore, the area of the pair of the protruding por 
tions 22, 25 preferably is in the range between 20 and 120% 
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of the area for one piece of the bridge 21. This range is 
preferable Since the occurrence of moire Stripes can not be 
Suppressed Sufficiently if the area of the protruding portions 
is too small versus the bridge, whereas the luminance 
property is reduced if the area is too large. 

In this embodiment, the pair of the protruding portions is 
formed Separately, and the tips thereof are arranged facing 
each other. Due to this configuration, not only the effect 
described above can be obtained, but also another effect of 
improving the geomagnetic character can be obtained. 

Hereinafter, the improvement of geomagnetic character 
will be explained. A cathode ray tube uses a member Such as 
a magnetic shield to block magnetism from outside, So that 
an electron beam is not diverged too much from its original 
track by the magnetism from outside Such as geomagnetism. 
Generally, the geomagnetic character refers to a color dis 
placement of the electron beam caused by the geomag 
netism. The Shadow mask that Selects colorS also has the 
function of improving the geomagnetic character by block 
ing this magnetism from outside. In particular, the geomag 
netism heading almost perpendicular to the panel of the 
cathode ray tube is transmitted along the Shadow mask in the 
creepage direction So as not to have a direct effect on the 
electron beam. 

Here, when the vertical pitch of the bridge in the shadow 
mask is too large, with regard to the shadow mask without 
any protruding portion provided in the aperture, the geo 
magnetism is transmitted easily in the vertical direction of 
the shadow mask but hardly in the horizontal direction due 
to the small number of bridges. Therefore, particularly in the 
peripheral portion where the frame and the shadow mask 
approach each other, the geomagnetism accumulated in the 
Shadow mask may float in the tube direction. In addition, 
Since the area of the aperture is large, the geomagnetism also 
often passes through the aperture directly. Due to these 
reasons, the track of the electron beam is changed, which 
easily causes a color displacement to occur. 
On the other hand, according to this embodiment, the 

protruding portions approaching and facing each other are 
provided in the aperture, So that the both protruding portions 
facing each other play the role to pass over the geomag 
netism. Accordingly, the geomagnetism is transmitted in the 
Vertical direction as well as in the horizontal direction not 
only in the bridge portions but also in the protruding 
portions. Thus, the geomagnetism Stops floating, and the 
geomagnetism that is trying to pass through the aperture also 
is picked up in this protruding portion. Due to this effect, the 
electron beam is less influenced by the geomagnetism. As a 
result, a cathode ray tube with less color displacement 
caused by geomagnetism can be obtained. 

With regard to the size in the embodiment of FIG. 2, for 
example, the values are as follows: the vertical pitch e of the 
protruding portion 22 is 0.6 mm; the Vertical pitch p of the 
aperture 20 is 3 mm; the width w of the bridge 21 in the 
vertical direction is 40 um; the widths of the aperture 20 in 
the transverse direction is 200 um; the width b2 of the tip 
22b of the protruding portion 22 is 80 um; and the width b1 
of the base 22c is 40 um. 

The shape of the aperture 20 in FIGS. 2 and 3 shows an 
example of a rectangular shape, but the shape is not limited 
thereto and may be formed into a shape with round corners. 
The tip 22d of the protruding portion 22 shows an example 
with edge-shaped ends, but the both ends also may be 
formed into round shapes. Furthermore, the wide portion 
25c of the protruding portion 25 has a rectangular shape in 
this example, but the shape is not limited thereto and also 
may be formed into a shape with round corners. 
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EXAMPLE 2 

Hereinafter, the present invention will be described by 
way of a Second embodiment with reference to drawings. 
Also in this embodiment, the constitutions of the color 
Selecting electrode are the same as those in Example 1 
explained with reference to FIG. 1. Furthermore, the shadow 
mask has protruding portions in apertures. Here, the rela 
tionship of the space width between the tips of the protrud 
ing portions with the shielding effect will be explained with 
reference to FIG. 4. In a shadow mask 40 shown in FIG. 4A, 
protruding portions 42a, 42b are provided in an aperture 41. 
FIG. 4B is a cross-sectional view taken on line I-I of FIG. 
4A, and FIG. 4C is a cross-sectional view taken on line 
II-II of FIG. 4A. A width SB between the protruding 
portions 42a and 42b shown in FIG. 4C is narrower than a 
width W shown in FIG. 4B. 

Therefore, as arrow a in FIG. 4C shows, a certain amount 
of the incident electron beam passes through the width SB 
and becomes the beam having a horizontal diameter (p B, and 
a considerable amount of the electron beam can be blocked. 
In this case, as the width SB is reduced, the shielding effect 
of blocking the electron beam is improved. In other words, 
this State resembles the State in which a bridge is formed in 
the aperture, So that the effects to SuppreSS the occurrence of 
moire stripes also is improved. However, if the width SB is 
reduced further, the yield is reduced due to its complicated 
etching process. 

There was namely a certain limitation with regard to 
reducing the distance between the tips of the protruding 
portions, So that the Shielding effect also was limited to a 
certain degree. 
The object of Example 2 is to improve the effect to 

SuppreSS the occurrence of moire Stripes even more, while 
reducing the doming amount and Suppressing the occurrence 
of moire Stripes at the same time. 

FIG. 5A is a plan view showing a shadow mask of this 
embodiment. The neighboring Substantially slot-shaped 
apertures 27 arranged in the vertical direction (vertical 
direction of the screen) are linked by a bridge 28. In the 
aperture 27, protruding portions 28a and 28b are formed. 
These protruding portions 28a and 28b are protruding from 
the both ends of the horizontal direction (horizontal direc 
tion of the screen) of the aperture 27. The protruding 
portions 28a and 28b are arranged facing each other at their 
tips. Since the protruding portions 28a and 28b are formed 
Separately, the aperture 27 is narrowed in the horizontal 
direction in the area where these pairs of protruding portions 
28a and 28b are formed. 

Since the protruding portions 28a and 28b are formed, 
these protruding portions play the Same role as the bridge, So 
that the occurrence of moire Stripes can be Suppressed in the 
Same manner as the vertical pitch of the bridge 28 is reduced 
So as to increase the number of the bridge. In addition, the 
protruding portions 28a and 28b are formed Separately. 
Therefore, the thermal expansion in the horizontal direction 
is not transmitted between the both protruding portions, and 
the doming can be prevented. In other words, according to 
this embodiment, it is possible to reduce the doming amount 
of the Shadow mask to which a tension force is applied 
mainly in the Vertical direction and also to Suppress the 
occurrence of moire Stripes at the same time. 

In this embodiment, while a certain distance between the 
tips of the protruding portions is Secured, the Shielding effect 
is improved further by providing the croSS Sections of the 
tips of the protruding portions with Special features. 
Hereinafter, this embodiment will be explained by using 
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FIG. 5B to FIG. 5D. FIG. 5B is a cross-sectional view taken 
on line III-III of FIG. 5A, i.e. a cross-sectional view of the 
full-width portion of the substantially slot-shaped aperture. 
FIG. 5C is a cross-sectional view taken on line IV-IV of 
FIG. 5A, i.e. a croSS-Sectional view of the protruding portion 
of the Substantially slot-shaped aperture. 

In the cross-sectional view shown in FIG. 5B, cross 
Sections 30 and 31 in the internal circumference of the 
full-width portion of the aperture 27 are left-right symmetri 
cal to a center line 29 of the aperture 27. The cross sections 
30, 31 respectively have inclined portions 30a and 31a on 
the upper Side of the thickness direction that become wider 
as they approach the upper Side. 
The cross sections 30, 31 respectively have inclined 

portions 30b and 31b on the lower side of the thickness 
direction that become wider as they approach the lower Side. 
Furthermore, the inclined portions 30a and 30b respectively 
intersect at a tip portion 30c, and the inclined portions 31a 
and 31b respectively intersect at a tip portion 31c. 

In the cross-sectional view shown in FIG. 5C, the ends of 
the protruding portions 28a, 28b in croSS Section basically 
are configured the same as the respective croSS Sections in 
the internal circumference of the full-width portion of the 
aperture shown in FIG. 5B. Also, inclined portions 32a and 
32b respectively interSect at a tip portion 32c, and inclined 
portions 33a and 33b respectively intersect at a tip portion 
33c. 

However, the cross sections shown in FIG. 5C are differ 
ent from those shown in FIG. 5B in that the tip portions 32c, 
33c are positioned left-right asymmetrical to the center line 
29, so that the cross sections 32, 33 are formed left-right 
asymmetrical to the center line 29. 
The position of the tip portion 33c in the thickness 

direction is shifted upward by a distance AZ from the 
position of the tip portion 32c in the thickness direction. In 
FIG. 5C, the direction indicated by arrow c is the direction 
toward the center of the Shadow mask, and the direction 
indicated by arrow d is the direction toward the periphery of 
the shadow mask. Therefore, due to the displacement of AZ, 
the inclined portion 33b on the peripheral side of the shadow 
mask is higher in the thickness direction than the inclined 
portion 32b on the central side of the shadow mask. 

Accordingly, for example, an incident electron beam that 
is inclined as indicated by arrow e in FIG. 5C is blocked 
mostly by the inclined portion 33b, and moreover, the 
electron beam passes through with the horizontal diameter (p 
B is that is narrower than the width SB between the tip 
portions of the protruding portions. On the other hand, in the 
case of the cross sections illustrated in FIG. 4C, the incident 
electron beam that is inclined as indicated by arrow a passes 
through approximately with the same horizontal diameter (p 
B as the width SB between the tip portions of the protruding 
portions. 

Namely, this embodiment is configured Such that the 
aperture 27 is narrowed in the horizontal direction by the 
pair of the protruding portions 28a, 28b, and additionally, 
the positions of the tip portions 32c, 33c are shifted only at 
the distance AZ, so that the horizontal diameter of the 
electron beam can be reduced to be narrower than the width 
of the aperture in the horizontal direction in the area where 
the protruding portions are formed. As a result, the Shielding 
effect can be improved considerably, and the occurrence of 
moire Stripes can be Suppressed even more. 

Since the electron beam entering the aperture 27 has a 
larger degree of inclination as it approaches the periphery of 
the shadow mask in reference to the line vertical to the 
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Surface of the shadow mask, Such shielding effect is higher 
on the peripheral Side of the shadow mask than on the central 
side. For example, as indicated by arrow f in FIG. 5D, the 
electron beam enters perpendicularly in the central portion 
of the shadow mask, so that the shielding effect due to the 
displacement of AZ cannot be obtained. 

Therefore, the central portion of the shadow mask may be 
provided with an area where the croSS Sections shown in 
FIG. 5C are not formed. For example, as shown in FIG. 1, 
this area may be provided in the range within the circle that 
has a central point A in the planar direction of the shadow 
mask and a diameter B. The diameter B preferably is, for 
example, not more than 70 mm. 

Furthermore, the aperture may be formed so that the 
amount of displacement AZ is equal to the thickness t. In this 
case, the tip portion 32c namely is positioned at the edge on 
the back Side of the Shadow mask in the thickness direction, 
and the tip portion 33c is positioned at the edge on the front 
Side of the Shadow mask in the thickness direction. 
Accordingly, the respective croSS Sections have inclined 
portions that are inclined only in one direction. 

In other words, according to this configuration, the 
inclined portion on the Side of the tip portion 32c Starts to 
incline from the tip portion 32c and inclines toward the 
central portion of the Shadow mask 26 as it approaches the 
front side of the shadow mask 26. The inclined portion on 
the side of the tip portion 33c starts to incline from the tip 
portion 33c and inclines toward the peripheral side of the 
Shadow mask 26 as it approaches the back Side of the 
shadow mask 26. 

As illustrated in FIG. 5C, the cross section preferably 
Satisfies the following inequality (formula 1), where the 
incident angle () of an electron beam is C. (C.DO); the 
Shortest distance (mm) in the horizontal direction between 
the portions facing each other via the aperture of the 
protruding portions is SB; the displacement (mm) between 
the tip portions of the pair of the protruding portions in the 
thickness direction of the shadow mask is AZ; and {1-(a 
horizontal diameter (mm) of the electron beam passing 
through the aperture)/(the shortest distance (mm) in the 
horizontal direction between the portions facing each other 
via the aperture)}x100 is a shielding rate B (%). 

Here, the horizontal diameter (mm) of the above 
mentioned electron beam passing through the aperture cor 
responds to p B in FIG. 5C. 

In the example of the Shadow mask having the thickness 
t=0.1 mm, when it is determined to be SB-0.04 mm, AZ=0.1 
mm, and B=80%, the shadow mask satisfies the (formula 1) 
in the range of B217.5. In other words, at least 80% of the 
shielding rate can be secured in the range of C.217.5. When 
the value of the shielding rate (%) B is determined to be 
lower, for example, in the range of Bz80%, the range for 
obtaining Such a Shielding rate can be extended further to the 
central Side. 

Furthermore, when AZ=0.028 mm in the above example, 
at least 80% of the Shielding rate can be Secured in the range 
of Be45.6. This means that the range of C. in which a 
constant shielding rate can be Secured is varied also when 
SB is varied. In this way, when AZ and SB are determined 
by using the (formula 1), it is possible to change the range 
of C. in which a constant Shielding rate B can be Secured. 
The aperture provided with the protruding portions only 

having the displacement of AZ as in this embodiment can be 
formed by etching. To explain by referring to the example of 
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FIG. 5C, for example, resist patterns on the front side and 
those on the back side of the shadow mask can be formed by 
shifting the center of the portion corresponding to the front 
hole formed by the inclined portions 32a, 33a and the center 
of the portion corresponding to the back hole formed by the 
inclined portions 32b, 33b. 

Furthermore, the aforementioned embodiment is 
described as an example in which the protruding portions are 
protruding from the both ends to the inside of the aperture, 
but the protruding portions also may protruding only from 
one end of the aperture. 

Moreover, the tip portion of the protruding portion in 
croSS Section was illustrated as an edge shape in this 
example, but the tip portion also may be formed as a portion 
with a flat or a curved Surface. 

Furthermore, the protruding portion in the planar direc 
tion was illustrated as a rectangular shape in this example, 
but it is not limited thereto. It is possible to form the aperture 
and the protruding portion to have round edges, or the 
protruding portion also may protrude gradually from the 
base to the tip. Such a shape with a gradual protrusion can 
be realized easily by the etching method used mainly for the 
production of Shadow masks, So that it is practical. 

According to the cathode ray tube of the present invention 
described above, by forming the protruding portions, the 
Vertical pitch of the bridge is maintained at a large value, 
while the occurrence of moire Stripes can be Suppressed in 
the same manner as the vertical pitch of the bridge is 
reduced. Furthermore, the tips of the pair of the protruding 
portions facing each other are formed Separately, So that the 
thermal expansion in the horizontal direction is not trans 
mitted between the protruding portions, and the doming can 
be prevented. In other words, it is possible to reduce the 
doming amount and also to SuppreSS the occurrence of moire 
Stripes at the same time. In addition, Since the tip of the 
protruding portion is wider than the base, it is possible to 
SuppreSS the deterioration of luminance while Securing the 
Shielding effect against the electron beams. 

Furthermore, by forming the portions facing each other 
via the aperture of the protruding portions to have asym 
metrical croSS Sections in the horizontal direction, the effects 
to SuppreSS the occurrence of moire Stripes can be improved 
CWC OC. 

The invention may be embodied in other forms without 
departing from the Spirit or essential characteristics thereof 
The embodiments disclosed in this application are to be 
considered in all respects as illustrative and not limiting. The 
Scope of the invention is indicated by the appended claims 
rather than by the foregoing description, and all changes 
which come within the meaning and range of equivalency of 
the claims are intended to be embraced therein. 
What is claimed is: 
1. A cathode ray tube comprising a shadow mask made of 

a flat plate provided with a number of apertures and bridges 
between the neighboring apertures arranged in the Vertical 
direction, wherein protruding portions protruding from both 
ends of the horizontal direction of the aperture to the inside 
of the aperture are formed in the shadow mask, and a tip of 
the protruding portion is wider than a base of the protruding 
portion. 

2. The cathode ray tube according to claim 1, wherein a 
width of the protruding portion gradually increases from the 
base to the tip. 
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3. The cathode ray tube according to claim 1, wherein the 

tip of the protruding portion is extending more in the vertical 
direction than the base. 

4. A cathode ray tube comprising a shadow mask made of 
a flat plate provided with a number of apertures and bridges 
between the neighboring apertures arranged in the Vertical 
direction, an electron beam passing through the apertures, 
wherein protruding portions protruding from ends of the 
horizontal direction of the aperture to the inside of the 
aperture are formed in the shadow mask, and a horizontal 
diameter of the electron beam passing through the aperture 
is Smaller than a shortest distance in the horizontal direction 
between the portions facing each other via the aperture in the 
area where the protruding portions are formed at least in the 
vicinity of both edges of the shadow mask in the horizontal 
direction. 

5. The cathode ray tube according to claim 4, wherein the 
portions facing each other via the aperture in the area where 
the protruding portions are formed have horizontal croSS 
Sections asymmetrical to the center line of the aperture that 
is perpendicular to the Surface of the shadow mask. 

6. The cathode ray tube according to claim 4, wherein the 
protruding portions are protruding from the both ends of the 
horizontal direction of the aperture to the inside of the 
aperture, and tips of the protruding portions are facing each 
other. 

7. The cathode ray tube according to claim 4, wherein one 
of the portions of the protruding portions facing each other 
via the aperture comprises an external wall portion posi 
tioned on the Outer Side of the Shadow mask having a back 
inclining portion in the horizontal croSS Section inclining 
from a tip portion toward the outer Side of the Shadow mask 
as it approaches the back side of the Shadow mask, and that 
the tip portion is positioned closer to the front Side of the 
Shadow mask than the center of the Shadow mask in the 
thickness direction. 

8. The cathode ray tube according to claim 7, wherein one 
of the portions of the protruding portions facing each other 
via the aperture comprises an internal wall portion posi 
tioned on the inner Side of the Shadow mask having a front 
inclining portion in the horizontal croSS Section inclining 
from a tip portion toward the inner Side of the Shadow mask 
as it approaches the front Side of the Shadow mask, and that 
the tip portion of the external wall portion is positioned 
closer to the front side of the shadow mask than the tip 
portion of the internal wall portion. 

9. The cathode ray tube according to claim 8, wherein the 
following inequality is satisfied, where an incident angle () 
of an electron beam is C. (C.DO) in reference to the line 
Vertical to the Surface of the Shadow mask, a shortest 
distance (mm) in the horizontal direction between the por 
tions facing each other via the aperture of the protruding 
portions is SB; a displacement (mm) between the tip portion 
of the external wall portion and the tip portion of the internal 
wall portion in the thickness direction of the Shadow mask 
is AZ; and {1-(a horizontal diameter (mm) of the electron 
beam passing through the aperture)/(the shortest distance 
(mm) in the horizontal direction between the portions facing 
each other via the aperture)}x100 is a shielding rate B (%): 


